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"A method for forming a filled trench in a semiconductor layer of a 
semiconductor substrate, and a semiconductor substrate with a 
semiconductor layer having a filled trench therein* 

5 Field cf the invention 

The present invention relates to a method for forming a filled trench in a 
semiconductor layer of a semiconductor* $ub$trate F ;and in particular, to such a 
method for forming a filled trench with the effect of trench voids minimised. The 
Invention also relates to a semiconductor substrate; with a semiconductor layer 
10 having a filled trench formed therein with the effect of trench voids minimised. 

Background to the Invention 

A trench isolated silicon layer in a semiconductor substrate is commonly required. 
For example, where it is desired to electrically insulate discrete areas of a silicon 

15 layer one from the other, trenches filled with electrically insulating filling material are 
formed in the silicon layer for electrically insulating the respective discrete areas. 
Commonly, such layers requiring trench filled isolation may be a silicon layer of a 
silicon on insulator (SOI) structure. A buried insulating layer, typically, an oxide layer 
is located under the silicon layer, and the silicon layer and oxide layer are in turn 

20 supported on a handle layer. Where trench filled electrical isolation is required, the 
trench or trenches are formed through the silicon layer to the buried insulating layer. 
After forming of the trenches, the trenches are filled with an appropriate electrical 
insulating material, which may be an oxide or silicon nitride. The oxide or silicon 
nitride are generally deposited by a chemical vapour deposition process. 

25 Alternatively, in order to strengthen the SOI structure, the trenches may be initially 
partially filled with an electrical insulating material, such as, for example, an oxide, 
which would form a lining layer in the trench. The remaining part of the trench would 
then be filled with polysilicon. Typically, the oxide is deposited in one or more layers 
in the trench which line the base which is formed by the buried oxide layer, and the 

30 side walls of the trench. The remaining unfilled portion of the trench is then filled 
with polysilicon. Typically, the polysilicon is deposited by a chemical vapour 
deposition process. 
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Whether the trenches are entirely filled with a single filling material for example, 
oxide or silicon nitride, or partially filled with oxide or silicon nitride and then with 
j polysilicon, problems arise in the filling of such trenches. 

; s 

As the filling material, be it oxide, silicon nitride or polysilicon, or a combination of 
such materials are being sequentially deposited, a. layer of the filling material of 
progressively increasing depth forms on the base of the trench and on the side walls 
of the trench, as well as on the surface of the silicon layer through which the trench 

10 is formed into the silicon layer. Unfortunately, the depth of the layers of the filling 
material formed on the base and the side walls of the trench, and on the surface of 
the silicon layer do not increase in depth at a uniform rate. Typically, the depth of 
the filling material on the surface of the silicon layer increases at a greater rate than 
the depth of the filling material on the side walls of the silicon layer. This, thus, leads 

15 to an effect commonly referred to as "bread-loafing". Bread-loafing causes the depth 
of the layer of the filling material on the side walls of the trench adjacent the open 
mouth thereof to increase in a direction towards the other side wall at a greater rate 
than the rate at which the depth of the layer of the filling material on the remainder of 
the side walls below the open mouth increases, Accordingly, in due course as the 

20 filling of the trench progresses the bread-loafing of the filling material causes the 
layers of the filling material on the side walls adjacent the open mouth to meet and 
thus bridge the trench, Once the bread-loafing of the filling material has caused 
bridging of the trench, no further filling material can be filled into the trench, thus 
leading to the creation of a longitudinally extending void in the trench. Where the ' 

25 trench is to be entirely filled with deposited oxide the bread-loafing effect causes 
bridging of the trench with the oxide adjacent the open mouth of the trench. On the 
other hand, where the trench is to be lined with one or more layers of oxide, and 
then subsequently filled with polysilicon, the bread-loafing effect causes bridging of 
the trench with the polysilicon material. 

30 

Reference is now made to Figs. 1 and 2 which are photomicrographs of different 
magnifications, which illustrate a cross-section of a silicon layer showing one trench 
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fonmed in the silicon layer which demonstrate the effect of bread-loafing in the 
formation of a void in the trench. The silicon layer is indicated by the reference 
numeral 1 and the trench is indicated by the reference numeral 2. In this case the 
trench 2 was lined with an oxide layer 3 which was deposited on side walls 4, a base 

5 5 and on a surface 6 of the silicon layer 1 . The bread-loafing effect of the oxide 
layers 3 can be seen at 7 adjacent the open mouth 8 of the trench 2. The bread- 
^loafing, effect of the oxide layers 3 at 7 has not caused the oxide layers 3 to bridge 
the trench 2. However, it has significantly narrowed the remainder of the open 
mouth 8 into the trench 2, A polysilicon layer 9 was then deposited over the oxide 

10 layer 3, and as ran be seen the bread-loafing effect rapidly caused the polysilicon 
adjacent the open mouth 8 to bridge the trench. At that stage no further polysilicon 
could be deposited into the trench beyond the bridged open mouth 8, and thus, a 
void 10 extending longitudinally along the length of the trench was formed. As can 
be seen the void 10 extends from the open mouth downwardly towards the base. 

15 Furthermore, the void 10 terminates at the open mouth at a level substantially co- 
planar with the surface 6 of the silicon layer 1. 

While, in general, the existence of such voids do not affect the electrical insulating 
characteristics of the filled trenches, they do lead to areas of entrapment where 

20 gases and liquids used in subsequent processing steps of the silicon layer can 
become entrapped, and subsequently lead to contamination Of the Silicon layer. 
Typically after the trenches have been filled the oxide and polysilicon layers are 
etched or ground back to the Surface level of the silicon layer. As can be seen from 
Figs. 1 and 2 etching or grinding the oxide and polysilicon layers 3 and 9 back to the 

25 surface 6 of the silicon layer 1 will remove the portion of the oxide and the polysilicon 
layers 3 and 9 which are bridging the trench, thus providing an opening to the void 
1 0. Accordingly, if the silicon layeris cleaned by washing and rinsing, cleaning 
chemicals and/or rinsing water readily become entrapped in the void 10. Such 
cleaning chemicals, in general, would be contaminants in subsequent processing 

30 steps of the silicon layer, and on leaking out through the voids would lead to 
contamination in the subsequent processing steps which is unacceptable. 



Another problem arises where a photoresist layer is to be formed on the surface 6 of 
the silicon layer through which voids have been exposed. In general, during the 
formation of a photoresist layer on a silicon or other layer the structure is spun in 
order to spread the photoresist layer over the surface on which the photoresist layer 
5 is to be formed. The spinning of the photoresist over areas Where voids are exposed 
leads to uneven coating in the form of streaking of the photoresist over the surface of 
the silicon layer. This, thus, prevents accurate patterning of the photoresist layer. 
Additionally, the photoresist may become entrapped in the voids, thus leading to 
contamination in subsequent processing steps, t 

10 

Indeed, in many cases after the filling of trenches in a trench isolated silicon layer, as 
well as the oxide and/or polysilicon or other such filling layers being etched or 
ground to the original surface of the silicon layer, the silicon layer is further ground to 
reduce the depth of the silicon layer. In such cases, even where a void formed in a 
15 trench does not extend up to the open mouth of the trench, subsequent grinding of 
the silicon layer, can lead to the removal of the bridging of the trench, thus exposing 
the void. 

There is therefore a need for a method for forming a filled trench in a semiconductor 
20 layer of a semiconductor substrate in which the effect of trench voids is minimised. 
There is also a need for a semiconductor substrate with a semiconductor layer 
having filled trenches therein in which the effect of trench voids is minimised. 

The present invention is directed towards providing such a method and a 
25 semiconductor substrate. 

Summary of the Invention 

According to the invention there is provided a method for forming a filled trench in a 
semiconductor layer of a semiconductor substrate, With the effect of trench voids 
30 minimised, the method comprising the steps of: 

forming a trench in the semiconductor layer through a first face thereof, the 
trench defining an op n mouth, 
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relieving the trench adjacent the open mouth thereof for preventing the 
commencement of bridging of the trench with a filling material at a level adjacent the 
first face of the semiconductor layer as the trench is being filled, and 

filling the relieved trench through the open mouth with the filling material. 

5 

Preferably, the trench is sufficiently relieved for preventing commencement of 
bridging of the trench with the filling material at a level above a plane extending 
parallel to and below a plane to which the first face of the semiconductor layer is to 
be finished. Advantageously, the trench is relieved:adjacentthe open mouth thereof 
10 on one side of the trench. Ideally, the trench is relieved adjacent the open mouth 
thereof on respective opposite sides of the trench. 

In one embodiment of the invention the trench is lined with at least one lining layer 
formed therein with a lining material prior to filling of the trench. 

15 

In another embodiment of the invention the trench is relieved by relieving at least 
one of the lining layers adjacent the open mouth of the trench. Preferably, the trench 
IS relieved by relieving at least the lining layer first formed in the trench. 
Alternatively, the trench is relieved by relieving at least one of the lining layers 
20 formed after the first of the lining layers to be formed. 

Alternatively* the trench is relieved prior to lining of the trench with the at least one 
lining layer. 

25 In one embodiment of the invention the trench is relieved to a depth from the open 
mouth in the range of 0.5pm to 5pm. 

Preferably, each side of the trench which is relieved is relieved by tapering a portion 
of the side of the trench adjacent the open mouth, each tapered portion defining a 
30 tapering plane which converges towards the other side in a direction into the trench. 
Advantageously, the tapering plane defined by each tapered portion defines with a 
central plane bisecting the trench and extending longitudinally along the trench 
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through the open mouth a relief angle in the range of 0.2° to 50*. and preferably, in 
the range of 4° to 40°. Ideally, the tapering plane defined by each tapered portion 
defines with the central plane a relief angle in the range of 6 D to 20°. 

5 In one embodiment of the invention each tapered portion defines at least two 
tapering planes defining respective different relief angles with the central plane. 
Advantageously, the tapering plane defined by each tapered portion which defines 
the greatest relief angle with the central plane is defined by the tapered portion > 
' adjacent the open mouth of the trench, Preferabiy.lhe relief angles defined between 

io the tapering plane of each tapered portion and the central plane decreases from the 
open mouth into the trench. 

Alternatively, each side of the trench which is relieved is relieved by forming a 
relieving recess into the first face of the semiconductor layer adjacent to and 
15 communicating with the trench adjacent the open mouth. Preferably, the relieving 
recess is concave when viewed in a direction into the trench. 

Ideally, each side of the trench which is relieved is relieved along the entire length of 
the trench. 

20 

In one embodiment of the invention the trench is relieved by etching. Preferably, the 
etching of the trench is carried out by an RIE etch. Advantageously, the parameters 
of the Rl£ etch are controlled for minimising the depth of scallops formed by the RIE 
etch. 

25 

In another embodiment of the invention the forming of the trench and the relieving of 
the trench are carried out by the same etching process, and the parameters of the 
etching process are ramped during the etching process for relieving the trench. 
Preferably, the parameters of the etching process are controlled for minimising the 
30 formation of footings at the base of the trench. 



in a further embodiment of the invention the first face of the semiconductor layer 
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adjacent the trench is lined with the lining material during lining of the trench with at 
least one of the lining layers. 

In another embodiment of the invention the filling material and the lining material 
5 above the first face of the semiconductor layer are thinned to a level just above the 
first face of the semiconductor layer. Alternatively, the filling material and the lining 
material above the first face of the semiconductor teyef are removed to a level co- 
planar with the first face of the semiconductor layer. 

4- 

10 In one embodiment of the invention the filling material is selected from any one or 
more of the following materials: 
polys ilicon, 
silicon nitride, and 
oxide. 

15 

In another embodiment of the invention the filling material is deposited by a chemical 
vapour deposition process, 

In a further embodiment of the invention the lining material is selected from any one 
20 or more of the following materials: 
oxide, 

silicon nitride, and 
polysilicon, 

25 In one embodiment of the invention at least one of the lining layers is a deposited 
layer. 

Preferably, each deposited lining layer is deposited by a TEOS deposition process. 
Advantageously, each deposited lining layer is deposited by a high conformality 
30 deposition process. Alternatively, at least one of the lining layers is a grown layer. 



In one embodiment of the invention at least one of the lining layers is densified prior 
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to filling of the trench with the filling material. 

In a further embodiment of the invention the semiconductor layer is of silicon, and 
preferably, the semiconductor layer is of single crystal silicon. 

5 / 

In a further embodiment of the invention the semiconductor substrate is a 
semiconductor layer of a semiconductor on insulator structure, and the filled trench 
extends to the insulating layer. 

10 In another embodiment of the invention the filled trench extends through the 
insulating layer. 

Additionally the invention provides a semiconductor substrate comprising a 
semiconductor layer, and a filled trench formed fn the semiconductor layer, the filled 
15 trench being formed by the method according to the invention. 

Additionally the invention provides a semiconductor substrate comprising: 

a semiconductor layer having a first face, end 

a filled trench extending into the semiconductor layer through the first face 
20 thereof, the trench defining an open mouth and having been relieved adjacent the 
open mouth prior to filling of the trench with a filling material for preventing the 
commencement of bridging of the trench with the filling material at a level adjacent 
the first face of the semiconductor layer as the trench is being filled therewith. 

25 Advantages of the Invention 

The advantages of the invention are many. By virtue of the fact that the 
commencement of bridging of the trench adjacent the open mouth is prevented, any 
void formed in the filled trench will not extend to the open mouth. The lower the level 
within the trench at which bridging commences, tfrie greater will be the depth to 
30 which any void formed in the filled trench will be displaced from the open mouth. 
Thus, by displacing voids formed in the filled trench from the open mouth even if a 
void is formed in the filled trench the void will be sealed by the bridging formed by 
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the filling material Furtfiermore, even where the surface through which the trench is 
formed into the semiconductor layer is subsequently ground to reduce the depth of 
the semiconductor layer, in general, the entire depth of the filling material bridging 
the trench will not be removed, thus, leaving the void sealed within the filled trench. 
5 Once voids formed in a filled trench remain sealed, they do not, in general, present a 
problem in the subsequent processing of the semiconductor structure, 

Indeed, in certain cases by sufficiently relieving portions of the trench extending from 
the open mouth into the trench, the formation of voids can be entirely eliminated by 

10 the method according to the invention. By eliminating the formation of voids in a 
filled trench, or displacing any voids formed in the filled trench from the open mouth 
downwardly into the filled trench, there is no danger of voids being formed in the 
filled trench which could act as entrapment areas for chemicals and gases from one 
process step to which the semiconductor layer is subjected, which would become 

15 contaminants in a subsequent process step on leaking from the voids. 

The invention and its advantages will be more clearly understood from the following 
description of some preferred embodiments thereof which are given byway of non- 
limiting examples. 

20 

Brief Description of the Drawings 

Fig. 1 is a photomicrograph of a semiconductor layer having an isolation filled 
trench formed therein using a prior art method. 

25 Fig. 2 is a photomicrograph illustrating the semiconductor layer of the prior art 

of Fig. 1 at a greater level of magnification, 

Fig. 3 is a top plan view of an SOI structure with isolation filled trenches 
according to the invention, 

30 

Fig. 4 is a transverse cross-sectional view of a portion of the SOI structure of 
Fig. 3 on the line IV-IV of Fig. 3, 
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Fig. 5 is a view similar to Fig. 4 of an SOI structure according to another 
embodiment of the invention, 

Fig. 6 is a view similar to Fig. 4 of an SOI structure according to a further 
embodiment of the invention being formed, 

Fig. 7 is a view similar to Fig. 4 of the SOI structure of Fig, 6 also being 
formed, \ 

f 

Fig. 8 is a view similar to Fig. 4 of an SOI structure according to a still further 
embodiment of the invention , 

Fig. 9 is a view similar to Fig, 4 of an SOI structure according to a still further 
embodiment of the invention, 

Fig. 1 0 is a view similar to Fig, 4 of an SOI structure according to the 
invention, which is substantially similar to the SOI structure of Figs. 3 and 4 
being formed, 

Fig. 1 1 is a view similar to Fig. 4 of the SOI structure of Figs. 6 and 7 being 
formed, 

Fig. 12 is a view similar to Fig. 4 of the SOI structure of Figs. 6 and 7 also 
being formed, 

Fig. 13 is a view similar to Fig. 4 of the SOI structure of Fig. 9 being formed, 
and 

Figs. 14 to 18 are photomicrographs of semiconductor layers with isolation 
fill d trenches whereby the isolation filled trenches have been formed by 
methods according to the invention. 
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Detailed Description of Preferred Embodiments of the Invention 

Referring now to Figs. 3 and 4 there is illustrated a portion of an SOI structure 
according to the invention indicated generally by the reference numeral 20 

5 comprising a silicon layer 21 supported on handle layer 22 with a buried insulating 
layer 23 located between the silicon layer 21 and the handle layer 22. The silicon 
layer 21 and the handle layer 22 are formed from respective silicon wafers of single 
crystal silicon, and the buried insulating layer 23 is an oxide layer which may be k 
thermally grown or deposited on either the handle liyer 22 or the silicon layer 21 and 

10 then bonded to the other of the two layers. Alternatively, the oxide layer 23 may be 
thermally grown or deposited on both the silicon layer 21 and the handle layer 22, 
and then both oxide layers can be bonded together. The construction of such SOI 
structures will be well known to those skilled in the art Filled electrical isolating 
trenches 25 are formed by a method according to the invention in the silicon layer 21 

15 for electrically isolating respective discrete areas 26 of the silicon layer 21 . The filled 
trenches 25 are arranged in a grid formation, although they may be arranged in any 
desired formation. 

The trenches 25 are simultaneously etched, as will be described below, into the 
20 silicon layer 21 through a first face, namely, a first surface 27, and are etched 
through the silicon layer 21 to the buried insulating layer 23. The buried insulating 
layer 23 forms a base 28, and the silicon layer 21 forms opposite side walls 29 of 
each trench 25 which extend from the base 26 to an open mouth 30 adjacent the. 
first surface 27. The trenches 25 are simultaneously lined with a lining layer 32 of 
25 electrical insulating material, which in this embodiment of the invention is a 

deposited oxide layer, which may be deposited by any suitable deposition process. 
However, in this embodiment of the invention the oxide lining layer 32 is deposited 
by a tetra-ethyi-crtho-silicate (TEOS) deposition process. After deposition of the 
lining layer 32 the remainder of the trenches 25 are simultaneously filled with a tilling 
30 material 33 which in this embodiment of the invention is polysilicon, which is 
deposited by a chemical vapour deposition process. 
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As can be seen a void 35 is formed in a lower portion of the filled trench 25 P 
illustrated in Fig, 4. However, by virtue of the filled trenches 25 being formed by the 
method according to the invention the void 35 is displaced from the open mouth 30 
downwardly into the trench 25 to a level 36, which defines a plane 38 extending 
5 parallel to a plane defined by the first surface 27, which is well below the first surface 
27 of the silicon layer 21 . Thus, when the portion of the lining layer 32 on the first 
surface 27 and a layer 37 of the filling material 33 on the lining layer 32 above the 
first surface 27 are removed to expose the first surface 27, the void 35 is well 
displaced from the first surface 27, so as not to forrh an entrapment area adjacent 

10 the first surface 27 in the silicon layer 21 . Indeed, as can be seen from Fig. 4 the 
void 35 is sufficiently displaced into the trench 25 from the open mouth 30 to permit 
significant further grinding, polishing and/or etching of the first surface 27 of the 
silicon layer 21 without opening the void 35. The layer 37 of filling material 33 and 
the lining layer 32 above the first surface 27 may be removed by grinding, polishing 

15 and/or etching. 

The void 35 is caused by the commencement of bridging of the trench 25 by the 
filling material 33 as the tench 25 is being filled. Once bridging of the trench 25 
commence further filling of the trench 25 below the level at which bridging 
20 commences is prevented, thus leading to the void 35. As can be seen in this case 
bridging of the trench 25 commenced at the level 36, and thus, the void 35 extends 
downwardly into the filled trench 25 from the level 36. 

In this embodiment of the invention, in order to displace the voids 35 downwardly " 
25 into the trenches 25 from the open mouths 30, when forming the trenches 25, the 
trenches 25 are relieved adjacent their respective open mouths 30 by tapering 
portions 40 of the side walls 2g inwardly adjacent the open mouths 30. By forming 
the side walls 29 with the tapered portions 40 adjacent the open mouths 30 bread- 
loafing, which would Otherwise have occurred in the lining layer 32 adjacent the open 
30 mouths 30 is avoided. The tapered portions extend longitudinally along the length of 
the trenches 25. Minor bread-loafing of the lining layer 32 may occur as the tapered 
portions 40 transition into the side walls 29 at 41, and transition into the first surface 
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27 at 42. However, such bread-loafing at tfie transitions 42 of the tapered portions 
40 has no effect on the filling material 33, which would cause the filling material 33 to 
bridge the trenches 25 adjacent the open mouths 30, and any bread-loafing at the 
transitions 41 which may lead to bridging of the trenches 25 by the filling material 33 
5 results in the bridging commencing at e relatively low level in the trenches 25, and as 
can be seen in this particular embodiment of the invention bridging only commences 
to occur at the level 36. 

Each tapered portion 40 defines a tapering plane 43 which defines a relief angle a 
10 with a corresponding central plane 44, which is defined by the corresponding trench 
25, and bisects and extends longitudinally through the corresponding trench 25. In 
this embodiment of the invention the relief angle a which each tapering plane 43 
makes with the corresponding central plane 44 is approximately 6°. For ease of 
illustration the relief angles a are exaggerated in Fig. 4. Accordingly, when the lining 
15 layer 32 is deposited on the tapered portions 40 they likewise define respective 
tapering planes which make substantially similar angles with the corresponding 
central plane 44. 

Referring now to Fig, 5 a portion of an SOI structure according to another 
20 embodiment of the invention indicated generally by the reference numeral 50 is 
illustrated. The SOI structure 50 is substantially similar to the SOI structure 20, and 
similar components are identified by the same reference numerals. The only 
difference between the SOI structure 50 and the SOl structure 20 is in the -way the 
side walls 29 are relieved adjacent the open mouth 30. In this embodiment of the^ 
25 invention the side walls 29 are relieved by forming respective tapered portions 51. 
Each tapered portion 51 is formed by a first tapered portion 52 and a second tapered 
portion 53 which define first and second tapering planes 54 and 55, respectively. 
Each first tapered portion 52 is formed adjacent the corresponding open mouth 30 r 
while the second tapered portion 53 extends from the first tapered portion 52 
30 inwardly into the corresponding trench 25. The first tapering plane $4 defined by 
each first tapered portion 52 defines a first relief angle ch with the corresponding 
central plane 44, while the second tapering plane 55 d fined by each second 
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tapered portion 53 defines a second relief angle a 2 with the corresponding central 
plane 44. In this embodiment of the invention each first relief angle ai formed by 
each first tapering plane 54 with the corresponding central plane 44 is greater than 
the second relief angle cfc formed by each second tapering plane 55 with the 
5 corresponding central plane 44. In this embodiment of the invention each first relief 
angle d is approximately 19°, while each second relief angle a 2 is approximately 8°, 
For ease of illustration the relief angles Q^ and 02 afe exaggerated in Fig. 5. 

Once the trench 25 with the first and second tapered portions 52 and 53 have been 
10 formed, the trench 25 is lined with the lining layer 32, which in this embodiment of 
the invention is also a deposited oxide layer, and then the remainder of the trench is 
filled with the filling material 33 which is also polysiltcon deposited by a chemical 
vapour deposition process. 

15 Referring now to Figs. 6 and 7 there is illustrated a portion of another SOI structure 
according to another embodiment Of the invention indicated generally by the 
reference numeral 60. The SOI structure 60 is substantially similar to the SOI 
structure 20, and similar components are identified by the same reference numerals, 
The main difference between the SOI structure 60 and the SOI structure 20 is that in 

20 the method for preparing the filled trenches 25, instead of relieving the trenches 25 
by relieving the side walls 29, in this embodiment of the invention the trenches 25 
are relieved by farming tapered portions 61 in the lining layer 32 adjacent the open 
mouths 30 of the trenches 25. The tapered portions 61 define tapering planes 62 
which in turn define relief angles a with the central plane 44. In this embodiment of 

25 the invention the relief angles a are approximately 8°. However, for ease of 

illustration the relief angles a are exaggerated. Once the tapered portions 61 have 
been formed in the lining layer 32 adjacent the open mouths 30 on respective 
opposite sides of the trenches 25, the remainder of the trenches 25 are filled with the 
filling material 33. In this embodiment of the invention the lining layer 32 is a 

30 deposited oxide layer, and the filling material is polysilicon, which Is deposited by a 
chemical vapour deposition process. As can be seen in Fig. 7 the formation of the 
tapered portions 61 in the lining layer 32 adjacent the open mouth 30 on respective 
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opposite sides of the trench 25 displace the commencement of bridging of the trench 
25 down to the level 36, from which the void 35 extends downwardly. 

Referring now to Fig. 6 the SOI structure 60 is illustrated with one of the filled 
6 trenches 25 partially formed. The trench 25 is formed with parallel side walls 29 in 
the silicon layer 21 by etching as will be described below. The lining layer 32 of 
oxide is deposited, and as can be seen bread-loafing occurs in the lining layer 32 at 
63 adjacent the open mouth 30. Once the deposition of the oxide forming the lining 
layer 32 has been completed, the lining layer 32 is'etched to form the tapered 
10 portions 61 . In etching the tapered portions 61 , the lining layer 32 on the first 

surface 27 of the silicon layer 21 is also etched as can be seen in Fig. 7. Thereafter 
once the tapered portions 61 have been formed, the remainder of the trench is then 
filled with the filling material 33. 

15 Referring now to Fig. 8 there is illustrated an SOI structure 70 according to a further 
embodiment Of the invention. The SOI structure 70 is substantially similar to the SOI 
structure 20, and similar components are identified by the same reference numerals. 
The main difference between the SOI structure 70 and the SOI structure 20 is in the 
formation of the filled trench 25. In this embodiment of the invention two lining 

20 layers, namely, a first lining layer 71 and a second lining layer 72 of oxide are 

deposited sequentially for lining the trenches 25. The first and second lining layers 
71 and 72 are substantially similar to the lining layer 32 of the SOI structure 20. 
Additionally, instead of relieving the trenches 25 by relieving the side walls 29, in4his 
embodiment of the invention the trenches 25 are relieved by relieving both the first 

25 and second lining layers 71 and 72 adjacent the open mouths 30 by forming 

respective first and second tapered portions 73 and 74 In the lining layers 71 and 72, 
respectively, adjacent the open mouths 30 on respective opposite sides of the 
trenches 25. After the first tapered portions 73 have been formed on the first lining 
layer 71, the second lining layer 72 is deposited, and the second tapered portions 74 

30 are formed in the second lining layer 72. The remainder of the trenches 25 are then 
filled with the filling material which in this embodiment of the invention is polysilicon. 
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The formation of the trenches 25 in the SOI structure 70 is substantially similar to 
that of the SOI structure 60- The trenches 25 are formed with the parallel side walls 
29 in the silicon layer 21 . The oxide of the first lining layer 71 is deposited, and the 
first lining layer 71 is etched to form the first tapered portions 73, Once the first 
5 tapered portions 73 are formed, the second lining layer 72 is deposited, and the 
second tapered portions 74 are then etched in the second lining layer 72. Thereafter 
filling of the remainder of the trenches 25 with the filing material is similar to that 
already described. 

10 The first tapered portions 73 of the first lining layer 71 define first tapering planes 75, 
which in turn define a first relief angle with the corresponding central plane 44, 
and the second tapered portions 74 of the second lining layer 72 define second 
tapering planes 76 which define with the corresponding central plane 44 a second 
relief angle 02. In this embodiment of the invention the first relief angle a, is 

15 approximately 34°, and the second relief angle a 2 is approximately 38". However, 
for ease of illustration the difference between the angles and cfe is exaggerated in 
Fig. 8, 

As can be seen in this embodiment of the invention no void occurs in the filled trench 
20 25. This is as a result of the fact that no bridging of the trench 25 occurred during 
filling of the trench with the polysilicon filling material. 

Referring now to Fig. 9 a portion of an SOI structure 80 according to a still ferth ^ 
embodiment of the invention is illustrated. The SOI structure 80 is substantially 

25 similar to the SOI structure 20, and similar components are identified by the same 
reference numerals. The main difference between the SOI structure 80 and the SOI 
structure 20 is in the method for forming the filled trenches 25. In this embodiment 
Of the invention the Side walls 29 of the trenches 25 are relieved by forming relieving 
recesses 81 into the silicon layer 21 adjacent the open mouths 30 of the trenches 25 

30 on respective opposite sides thereof which communicate with the trenches 25. The 
relieving recesses 81 extend longitudinally along the length of the trenches 25, and 
are formed to be concave in shape when viewed in a direction into the trenches 25. 
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After relieving the trenches 25 adjacent the open mouths 30 by forming the relieving 
recesses 81 , the lining layer 32 is deposited in the trenches 25 to the desired depth, 
and thereafter the remainder of the trenches 25 are filled with the filling material 33. 
In this embodiment of the invention the lining layer 32 is a deposited oxide layer, and 
5 the filling material 33 is deposited polysilicon. 

If desired, should bread-loafing occur at portions 82 in the lining layer 32 adjacent 
the transition of the relieving recesses 81 into the trenches 25, the lining layer 32 
may be relieved at the portions 82 by tapering the portions 82 in similar fashion as 
io has already been described with reference to the SOI structure 60. The tapering of 
the portions 82 of the lining layer 32 would be carried out by etching the lining layer 
32. 

Etching of the silicon layers 21 of the SOI structures 20, 50, 60, 70 and 80 to form 
15 the trenches 25 may be carried out by any suitable etching process. Additionally, 
etching of the lining layers 32 and 71 and 72 may also be carried out by any suitable 
etching process and will depend on the material of the lining layers. However, in the 
embodiments of the invention described with reference to Figs. 3 to 9 the etching of 
the trenches 25 in the silicon layer 21 is carried out by a suitable reactive ion etch 
20 (RIE) using the BOSCH process, and etching of the oxide lining layers is earned out 
using a dry etch, such as an RIE etch using, for example, CF4/CHF3. 

Referring now to Fig. 10 the etching of an SOI structure 90, which is similarto the^ 
SOI structure 20 of Figs. 3 and 4 using an RIE etch will now be described. 

25 Components of the SOI structure 90 which are similar to those of the SOI structure 
20 are identified by the same reference numerals. After formation of the SOI 
structure 90, the silicon layer 21 is ground and polished to the desired depth to 
define the first surface 27. A masking layer 91 of oxide is thermally grown by a 
thermal oxidation process on the first surface 27. A photoresist layer 92 is applied 

30 over the masking layer 91 , and the photoresist layer 92 is patterned to define the 
trenches 25 adjacent their respective open mouths 30. The masking layer 91 is then 
etched to define the trenches 25, so that the oxide masking layer 91 defines the 
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open mouths 30 to the trenches 25. In other words, the spacing S between opposite 
edges 94 of the oxide masking layer 91 defining the trenches 25 is similar to the 
desired width of the trenches 25 adjacent their open mouths 30. The etching of the 
oxide masking layer 91 is carried out by a suitable wet or dry etch, although a wet 
5 etch, in general, is preferred. It is envisaged in many cases that the oxide layer 91 
may be omitted, and in which case patterning would be earned out with the 
photoresist layer 92 only. In such cases, the photoVesist layer 92 would be 
deposited directly onto the first surface 27 and patterned to define the trenches 25 
adjacent their open mouths 30. 

10 

The SOI structure 90 patterned with either the oxide masking layer 91 or a 
photoresist layer to define the trenches 25 is then subjected to the RIE etch using 
the BOSCH process. Initially, the parameters of the RIE etch are ramped to form the 
tapered portions 40 of the side walls 29 adjacent the open mouth. Once the tapered 

is portions 40 of the trenches 25 have been formed, the parameters of the RIE etch are 
controlled to continue etching of the trenches 25 from the tapered portions 40 to the 
buried insulating layer 23, $0 that the $ide walls 29 of the etched trenches 25 are 
substantially parallel to each other. The parameters of the RIE etch for etching the 
trenches 25 after the tapered portions 40 have been etched may be set so that the 

20 side walls 29 of the trenches 25 converge slightly downwardly towards the 

respective bases 28 of the trenches 25. In order to control the RIE etch using the 
BOSCH process to etch the tapered portions 40 of the trenches 25, and the trenches 

25 themselves, the pressure, the DC bias and the duration of the etch fcyctei as well 

% 

as the flow rate of the etchant, which typically is SF 6 are varied. A passivation gas 
25 may be introduced into the etch cycle to assist in smoothing the side walls 29 and 
the tapered portions 40 of the trenches 25. Once the trenches 25 have been etched 
down to the buried insulating layer 23, the masking layer 91 is removed, and the 
oxide lining layer 32 is deposited. After the lining layer 32 has been deposited, the 
trenches 25 are filled with the filling material 33 by depositing the filling material, 
30 namely, the polysilicon over the lining layer 32, by any suitable chemical vapour 
deposition process. 
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Additionally, prior to trie formation of the SOI structure, the silicon layer 21 may be 
ion implanted and/or diffused with a dopant through the surface which when the SOl 
structure is formed is adjacent the buried oxide layer. Such an ion implanted layer 
93 is illustrated in the silicon layer 21 of Fig. 10. 

5 

The trenches 25 of the SOI structure 50 of Fig. 5 are etched in similar fashion to the 
etching of the SOI structure 90, with the exception that additional control of the 
parameters of the RIG etch is required to produce the first and second tapered 
portions 52 and 53 of the trenches 25. 

10 

Referring now to Fig. 13, etching of the trenches 25 in the SOI structure 80 of Fig. 9 
is substantially similar to etching of the trenches 25 in the SOI structure 90 of Fig. 
1 0. The oxide masking layer 91 is patterned to define the trenches 25. However, in 
this embodiment of the invention the spacing S between the opposite edges 94 of 

15 the oxide masking layfer defining the trenches 25 is similar to the desired width of the 
trenches 25 below thej relieving recesses 81, so that the relieving recesses 81 are 
etched under the oxide masking layer 91 . After the oxide masking layer 91 has been 
patterned, the portions of the trenches 25 adjacent the open mouths 30 and the 
relieving recesses 81 are initially etched by an isotropic R1E etch using a gas such 

20 as SF e . Thereafter, the parallel side walls 29 of the trenches are etched by an 
anisotropic RIE etch using the BOSCH process. 

Referring now to Figs. 1 1 and 12 the method according to the invention for forming 
the filled trenches 25 in the SOI structure 60 will now be described. After the silicon 

25 layer 21 has been ground and polished to the desired depth, a photoresist layer 95 is 
deposited on the first surface 27 of the silicon layer 21 p and is patterned to define the 
trenches 25. The trenches 25 are etched by an RIE etch using the BOSCH process, 
and the parameters of the RIE etch are controlled to form the trenches 25 with the 
parallel side walls 29. After formation of the trenches 25 the patterned photoresist 

30 layer 95 is removed, and the oxide lining layer 32 is deposited. During deposition of 
the oxide lining layer 32 bread-loafing of the lining layer 32 occurs at 63 adjacent the 
open mouth 30 of the trenches 25 The SOI structure 60 is subjected to a dry oxide 
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etch for etching the bread-loafing portions 63 and for etching the lining layer 32 back 
to form the tapered portions 61 . In this case the dry oxide etch is an anisotropic RIE 
etch using CF4/CHF 3 . Thereafter the polysilicon filling material is deposited for filling 
the trenches 25 by a suitable chemical vapour deposition process. 

5 

Forming of the filled trenches 25 in of the SOI structure 70 of Fig. 8 is substantially 
similar to that of the SOI structure of Figs. 6 and 7. ; 

When the filling of the trenches 25 has been completed, the filling material, namely, 
10 the polysilicon extends from the trenches to a level above the level of the first 
surface 27. Additionally, in general, the level of the polysilicon extending from the 
trenches is at a level between the level of the topmost lining layer on the first surface 
27. and the first surface 27. In general, the lining layer or layers on the first surface 
27 and the polysilicon layer are ground and polished and/or etched back to provide a 
is smooth surface with the polysilicon filling material extending from the trenches co- 
planar with the surface of the oxide lining layer or layers and exposed through the 
topmost lining layer. Thereafter, if desired, the oxide lining layer and the portions of 
the polysilicon filling material extending above the first surface 27 of the silicon layer 
21 may be ground, polished and/or etched back to the first surface 27, and indeed, 
20 where desired, the silicon layer 21 may be ground down to a desired depth. 

When forming the SOI structures 60 and 70, it is desirable that bread-loafing 
adjacent the open mouths 30 or in any other part of the trenches 25, for examplerat 
the transitions of the second tapered portions of the lining layer 72 to the parallel 

25 sided portions thereof should be minimised. The minimising of bread-loafing can be 
achieved by depositing the oxide lining layers using a high conformality deposition 
process. Such high conformality deposition processes can be achieved by low 
pressure chemical vapour deposition processes. In a high conformality low pressure 
chemical vapour deposition process, the parameters of the chemical vapour 

30 deposition process are controlled relatively tightly, this thus permits the ratio of the 
depth of the oxide lining layer 32 deposited on the side walls of the trenches 25 to 
the depth of the oxide lining layer 32 deposited on the first surface 27 to be 
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controlled so that the ratio of the respective depths approaches one. In a high 
conformality low pressure TEOS oxide deposition process, by setting the deposition 
temperature at 680°C and the deposition pressure at 700mTonr a ratio of the 
respective depths of 0.85 can be obtained, it has been found that a ratio of the 
5 respective depths of approximately 0.95 can be achieved by setting the deposition 
temperature at 650°C and the deposition pressure at approximately 850mTorr. A 
ratio of 0.75 is obtained when the deposition temperature is set at 700°C and the 
deposition pressure at SSOmTorr. 

10 Referring now to Figs. 14 to 18 there is illustrated photomicrographs which illustrate 
cross-sections of silicon layers of SOI structures illustrating isolation filled trenches 
formed in the silicon layer by methods according to the invention. In the 
photomicrographs of Figs. 14 and 15 r which illustrate the same silicon layer 21 with 
a filled trench 25 at different magnifications, a void 35 is formed in the trench 25. 

15 However, as can be seen the void 35 is displaced downwardly into the trench 25 a 
considerable distance from the open mouth 30 and the first surface 27. The trench 
25 of the photomicrographs of Figs. 14 and 1 5 is a substantially parallel sided 
trench, and the portions of the silicon layer 21 defining the trench are not relieved at 
the open mouth. However, the trench 25 is lined with first and second lining layers 

20 71 and 72 similar to the first and second lining layers 71 and 72 of the SOI structure 
70 of Fig. 8. Both the first and second lining layers are relieved by etching first and 
second tapered portions 73 and 74 into the first and second lining layer 71 and 72 
adjacent the open mouth 30 in similar fashion as in the SOI structure 70. Thereafter 
» the trench 25 was filled with the polysificon as described with reference to the SOf 

25 structure 70. 

Referring now to Fig. 16 a photomicrograph illustrates a silicon layer 21 with an 
isolation filled trench 25 formed in the silicon layer 21 . In this case the side walls 29 
of tfie trench 25 are relieved by forming relieving recesses 81 adjacent the open 
30 mouth 30, similar to the relieving recesses 81 of the SOI structure 80 of Fig. 0. The 
trench 25 is lined with a lining layer 32 r and after the lining layer 32 is deposited, the 
remainder of the trench 25 is filled with polysiljeon. As can be seen a void 35 is 
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formed in the filled trench 25. but has been displaced to the level 36 a significant 
distance into the trench 25 from the open mouth 30 and the first surface 27. 

Referring now to Figs. 17 and 16 photomicrographs of different magnification 
5 illustrate a silicon layer 21 with an isolation titled trench 25. Side walls 29 of the 
trench 25 are relieved adjacent the open mouth 30 by forming tapered portions 40 in 
the side walls 29 adjacent the open mouth. The tapered portions 40 each define a 
tapering plane which is somewhat similar to the tapering plane 43 of the SOI 
structure 20 of Fig. 4, which defines a relief angle of approximately 6° with the 
10 central plane 44. As can be seen in the photomicrograph of Fig, 1 7 only a very small 
void 35 is formed extending from the level 36 well below the first surface 27, 

Referring now to Figs. 19 and 20, photomicrographs at different magnifications 
illustrate a silicon layer 21 with an isolation filled trench 25 formed therein. The filled 

is trench 25 is formed by the method described with reference to Fig. 5 where the side 
walls of the trench 25 adjacent the open mouth are tapered to form first and second 
tapered portions similar to the first and second tapered portions 52 and 53 of the SOI 
structure 50. The first tapered portion 52 defines a first tapering plane 54 which 
makes a first relief angle ai with the central plane 44 of approximately 19*. The 

z.0 second tapered portion 53 defines a second tapering plane 55 which defines a 
second relief angle a 2 with the central plane 44 of approximately 8°. The first and 
second tapered portions 52 and 53 extend into the trench 25 from the first surface 27 
to a depth of approximately 3pm. The depth of the trench is 1 9.8pm, and its width 
along its parallel side walls 29 is 4.1pm. As can be seen from the photomicrographs 

25 of Figs. 1 9 and 20, in this particular case no voids were formed in the filled trench 
25. 

The depths to which the trenches or the lining layers are relieved will to some extent 
depend on the depth of the trenches, and in particular, will depend on the depth to 
30 which commencement of bridging in the trenches is to be displaced into the trenches 
from the open mouths. However, in general, relieving of the trenches or the lining 
layer or layers in the trenches to a depth of between 0.5pm and 5pm in general 
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should be sufficient. Needless to say, the greater the depth to which the trenches or 
the lining layers are relieved, the greater the depth into the trench to which the void 
will be displaced from the open mouth, and indeed, by increasing the depth by which 
the trenches or the lining layers arc relieved, the formation of voids in the filled 
5 trenches may be eliminated altogether. 

Indeed, by forming the trenches with the side walls converging into the trenches 
towards each other, elimination of voids in the filled trenches could also be avoided. 

10 After each lining layer has been deposited, and if It is to be etched, has been etched, 
the lining layer may be annealed in order to density the lining layer. Annealing of 
each lining layer would typically be earned out at an annealing temperature in the 
range of 950°C to 1 150°C for a time period in the range of 60 minutes to 180 
minutes. 

15 

It has been found that by annealing the lining layer where it is of oxide, slip defects in 
the silicon layer extending from the first surface 27 adjacent the open mouths of the 
trenches are minimised. It has also been found that by thinning the oxide lining 
layers on the first surface 27 of the silicon layer 21 during forming of the tapered 
20 portions of the oxide lining layers adjacent the open mouths thereof by the RIE oxide 
etch reduces the occurrence of slip defects in the SOI by reducing stresses in the 
silicon adj3centthe open mouths of the trenches. 

Where it is desired to provide electrical continuity between the silicon layer 21 and 
25 the handle layer 22, the trenches would be formed through the silicon layer and 
through the buried insulating layer and would be filled with an electrically conductive 
filling material, for example, doped polysilicon, which would provide electrical 
continuity between the silicon layer 21 and the handle layer 22. 

30 Additionally, prior to forming the SOI structure, the silicon layer 21 may be ion 

implanted and/or diffused with a dopant from the surface which subsequently abuts 
the buried Insulating layer, for in turn forming a buried implanted or doped layer. 
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Such a doped or implanted layer is illustrated in the silicon layer 21 of Fig. 10, 
Additionally, on formation of the trenches, prior to lining the trenches, the side walls . 
of the trench defined by the silicon may be ion implanted and/or diffused with a 
suitable dopant for altering the electrical characteristics of the silicon layer adjacent 
5 the filled trenches. 

It is also envisaged in certain rases that a covering layer may be provided over the 
first surface 27 of the silicon layer after the formation of the isolation trenches has 
been completed, if the filling material and the lining; layers have been etched, ground 
10 or polished back to the first surface of the silicon layer. 

It is also envisaged that in the formation of the trenches undercuts, commonly 
referred to as footings may be formed into the silicon at the base of the trenches, 
; and where such undercuts are formed, they should preferably be maintained to 
15 extend not more than 0.5pm under the Silicon layerfrom the side walls of the 
trenches. 

In general, it is desirable that when setting the etch and passivation cycles erf the RIE 
etch to form the parallel portions of the side walls of the trench, the parameters of 
20 the etch and passivation cycles should be set such that the scallops resulting from 
the RIE etch extending into the side walls should not extend into the side walls more 
than 50nm. 

While the lining layers have been described as being of oxide material, the lining 
25 layers may be of any other suitable material. For example, in certain cases, it is 
envisaged that the lining material may be silicon nitride. Additionally, in certain 
ca$e$, it is envisaged that the trenches may be filled with only one filling material, in 
other words, the trenches may be filled solely by oxide, or solely by silicon nitride, or 
solely by polysilicon, or solely by any other suitable filling material. In which case, 
30 lining layers of material different to the filling material would not be deposited in the 
trenches, However, if filled trenches of the construction of those of the SOI 
structures of Figs. 6 to 8 were to be filled with only one single filling material, it is 
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envisaged that the filling material would be applied in layers, and in the case of the 
SOI structure 60 of Figs. 6 and 7 the first layer of the filling material would be 
relieved at the open mouths at respective opposite sides of the trenches in similar 
fashion as the lining layer 32 is relieved. Similarly, in the case of an SOI structure 70 

5 of the type illustrated in Fig. 8, two layers of the filling material would be deposited to 
form lining layer? corresponding to the first and second lining layers 71 and 72, and 
both layers would be relieved in similar fashion as the first and second lining layers 
71 and 72 were relieved in the SOI structure 70 of Fig. 8. However, in certain cases, 
only one of the first and second lining layers may bi relieved. Thereafter filling of 

io the remainder "of the trenches 25 would be as already described. 

Additionally, while the filling material has been described as being polysilicon, the 
filling material itself may be an oxide, silicon nitride or any other suitable filling 
material. 

15 

While the side walls of the trenches in some SOI's and the lining layers in other SOI 
structures have been described as being relieved in specific manners, for example, 
by forming tapered portions or relieving recesses, any other suitable methods for 
relieving the side walls and/or the lining layer or layers adjacent the open mouths of 
20 the trenches may be used. 

While the filled trenches have been described as comprising one lining layer or two 
lining layers, it will be appreciated that the trenches during filling may be lined with 
more than two lining layers before the final filling of the trenches takes place. Where 

25 more than two lining layers are provided, some or all of the lining layers may be 
relieved adjacent the open mouths, and while In some cases at least the first lining 
layer may be relieved, in other cases the first lining layer may not be relieved, and in 
which case the second and/or subsequent lining layers may be relieved. It is also 
envisaged that tapered portions may be formed in the silicon layer and subsequently 

30 formed lining layers. Needless to say, the respective lining layers may b$ of different 
lining materials. 
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It is also envisaged that more than two tapering portions may be formed in each 
lining layer adjacent the open mouth, and in general, it is envisaged that the angle 
made by the tapering planes defined by the tapered portions with the central plane of 
the respective trenches would decrease inwardly into the trench. 

While the SOI structures have been described as comprising a silicon layer and a 
handle layer both of single crystal silicon, the layer* of the SOI structures may be of 
any other suitable silicon material, or indeed any other suitable semiconductor 
material, \ 

It will also of course be appreciated that the method for forming the filled trenches in 
the semiconductor layer may be used for forming trenches in a silicon layer of any 
other silicon substrate, besides an SOI structure. 



